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A method is described for the isolation of 4 highly purified HI linker histone subfractions, and histone HS, 
from chicken erythrocytes. Fractionation is achieved under non-denaturing conditions by elution from 
CMC-25 Sephadex with an NaCl gradient. When applied to calf thymus Hl, the order of subtype elution 
differs from that acheived on Amberlite IRC-50 [(1966) J. Bioi. Chem. 241,5790-5797; (1976) Biochemistry 
15, 4233-42421. The two column types employed in series could provide a means for improving subtype 
purity. 
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1. INTRODUCTION 
The family of Hl type histones, when isolated 
from a single organism, exists as a number of sub- 
types ]l-4], These are closely related in structure, 
but differ in primary amino acid sequence and in 
post-transcriptional modifications [3,5], The 
precise role of these variants is as yet undeter- 
mined, but a number of studies have suggested that 
the variation is functional, and not simply due to 
genetic drift. Among these observations are 
changes in subtype composition in cells from 
tissues at different stages of development [4,5] and 
differing capacities of distinct subtypes to compact 
DNA and chromatin [5,6]. Such results lead to the 
hypothesis that different linker histone subtypes 
are involved in the differential modulation of 
chromatin structure and that this property con- 
tributes to transcriptional regulation [5,7]. 
Studies relating to the role of linker histone sub- 
types can be hampered by difficulty in obtaining 
pure proteins in quantity. Hl variants are usually 
prepared by the Amberlite IRC-50 (Biorex 70) 
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method described by Kincade and Cole [I]. Up to 
6 Hl subtypes from calf thymus can be isolated in 
relatively pure form by this process ]1,2]. 
Chicken erythrocyte nuclei are a ready source of 
iarge quantities of linker histone. Although it may 
be argued that, due to the presence of H5, these 
cells are atypical, they are found to contain 4 sub- 
types of Hl that can be correlated to those found 
in both other tissues and pregenitors of the mature 
red blood cell. However, chicken erythrocyte Hl 
subtypes are not effectively fractionated on 
Amberlite [3]. 
Here, we present an alternative method for the 
subfractionation of Hl, using ion-exchange 
chromatography on CMC-25 Sephadex. A similar 
procedure has previously been employed for the 
isolation of HMG subtypes 181. For the lysine-rich 
histones, the method can be used to fractionate 
large amounts of material and effectively resolves 
subtypes from both chicken erythrocyte and calf 
thymus sources. For calf thymus Hl, the order in 
which the subtypes are eluted from CMG-25 is dif- 
ferent from that achieved on Amberlite. Thus the 
opportunity exists for higher resolution in frac- 
tionation by employing a 2-column system. 
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2. MATERIALS AND METHODS 
2. I. Preparation of nuclei 
2-4 1 titrated chicken blood were diluted with 
an equal volume of phosphate-buffered saline 
(PBS) and filtered through gauze. After pelleting, 
the red cells were washed once with PBS, the buffy 
coat being removed each time. The cells were then 
resuspended in a minimum volume (about 500 ml) 
of 50 mM Tris-HCl, pH 7.5, 6 mM MgC12, 
250 mM sucrose, 0.2 mM PMSF (buffer A) and 
added dropwise to 7 vols buffer A containing 1% 
Triton X-100, with continual stirring. After 
20 min, the nuclei were pelleted from the Triton 
buffer and washed twice with buffer A. 
Fresh calf thymus tissue was finely chopped into 
H buffer (50 mM Tris-HCl, pH 7.5, 5 mM MgC12, 
25 mM KCl, 250 mM sucrose, 0.2 mM PMSF) and 
homogenised at full speed in a Waring blender. 
The homogenate was passed successively through 
1, 2, 4, 6 and 8 layers of gauze. Nuclei were 
pelleted from the resulting suspension, and washed 
once with H buffer, each time discarding the red 
cells and the fatty pellicle. 
2.2. Extraction of acid-soluble proteins 
3 vols of 5% perchloric acid were added to each 
volume of packed nuclei. The resulting suspension 
was homogenised in a Waring blender for 3 min. 
The insoluble material was pelleted and extracted 
twice more with 5% perchloric acid. The super- 
natants were pooled, made 300 mM in 
hydrochloric acid, and protein precipitated with 
6 vols cold acetone at - 20°C overnight. The 
precipitate was collected by filtration and cen- 
trifugation, washed 3 times with acetone, and 
dried. 
2.3. Fractionation of HiWGs, HI and HS 
All column procedures were carried out at room 
temperature. Crude fractionation. of the acid- 
soluble protein was achieved by step-wise elution 
from CM Sephadex C25 (Pharmacia) (CMC-25). 
This procedure was useful in decreasing the total 
protein load before sub-fractionation of Hl, or for 
producing pure, but unfractionated, HMG, Hl 
and H5 protein mixes. 
Protein was dissolved at 100 mg/ml in 7.5 mM 
boric acid/NaOH buffer, pH 8.8, 0.2 mM PMSF 
(borate buffer), containing 10 mM P-mercap- 
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toethanol. CMC-25, equilibrated in borate buffer, 
was added at 1 ml packed volume of CM-25 per ml 
protein solution. The resulting slurry was agitated 
at 4°C for several hours, to ensure even protein ad- 
sorption to the Sephadex. After deaeration, the 
slurry was poured into a column (2.5 x 25 cm). 
The immediate ffluent was re-loaded onto the col- 
umn. The column was then washed with borate 
buffer, until the absorbance at 230 nm reached 
background. Protein was eluted stepwise with 
borate buffer containing 100 mM NaCl (degrada- 
tion products), 500 mM NaCl (HMG proteins), 
800 mM NaCl (HI) and 1 M NaCl (H5). Buffer 
was pumped through the column at a flow rate of 
45 ml/h, and fractions of 4.5 ml were collected. 
Pooled protein fractions were then either dialysed 
or diluted to an NaCl concentration below 0.1 M, 
for acetone precipitation, or 0.5 M for direct use in 
the next purification stage. 
2.4. Subfractionation of HI 
The starting material for this fractionation was 
either a dried protein precipitate, or a solution of 
purified Hl from the bulk fractionation. In the 
former case, the protein was dissolved at 50 mg/ml 
in borate buffer containing 10 mM ,&mercap- 
toethanol, and 500 mM NaCl. In the latter case, 
the protein solution was diluted to 500 mM NaCl 
with borate buffer. The protein solution was mixed 
with 5-10 ml packed volume of CMC-25, equi- 
librated in 500 mM NaCl/borate buffer. The 
slurry was agitated at 4”C, for several hours, 
deaerated, and loaded onto the top of a pre- 
equilibrated CMC-25 column (1.1 x 140 cm) at a 
flow rate of 30 ml/h. The column was then washed 
with 600 mM NaCl/borate buffer, until a 
background A230 was reached. Hl was eluted using 
a shallow linear gradient (1.2 1) of 600-750 mM 
NaCl/borate buffer. Flow rates were up to 
50 ml/h and fractions of 4.5 ml were collected. 
Protein elution profiles were monitored by 
measurement of the absorbance at 230 nm. 
2.5. Protein gel analysis 
Analysis of the proteins was carried out on 12 or 
15% SDS-acrylamide gels [9]. Protein samples 
were dialysed or diluted to low NaCl concentra- 
tions, and acetone precipitated. Gels were stained 
with Coomassie brilliant blue G-250. 
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3. RESULTS AND DISCUSSION 
Typical preparations from 4 1 chicken blood or 
a calf thymus yielded about 5 or 1.5 g, respective- 
ly, of crude acid-soluble protein. 5 g chicken 
erythrocyte protein can be fractionated in the step- 
wise manner. Typical results are shown in fig.1. 
The HMG, Hl and H5 fractions produced are 
essentially pure, with little cross-contamination. It
should be noted that the bands migrating more 
slowly than Hl or H5 in the inset gels are 
multimers of the respective monomer species 
which we often observe at this stage of the prepara- 
tion. The ionic strengths required for the elution of 
the 3 fractions (fig.1) are sufficiently different to 
ensure that the large amount of protein, and the 
unusual procedure of having the protein bound 
throughout the column, does not decrease resolu- 
tion. The procedure was found to be suitable for 
protein loads up to 8.5 g. About 80% of the 
original crude protein is recovered from the col- 
umn, approx. 48% H5, 29% Hl and 24% HMG 
proteins, as judged from the absorbance at 230 nm 
of the pooled fractions. 
In fig.2, a typical elution profile for chicken 
erythrocyte subtypes from CMC-25 is shown. Two 
well-resolved peaks are produced, each containing 
2 overlapping peaks. Protein gel analysis (inset), 
shows that these 4 components correspond to the 
3 Hl bands detected on SDS gels of total chicken 
erythrocyte Hl (see fig.4), with material from 2 
well-separated peaks, the second and the fourth, 
co-~grating on the gel, in the position of the most 
mobile total Hl band. In all, therefore, 4 clearly 
resolved Hl subtypes are isolated from total 
chicken erythrocyte H 1 I
-HMG2 
-HMG 14 
-HMG 17 
FRRCTION NUMBER 
Fig.1. Elution profile of chicken erythrocyte HMG, Hl and HS fractions from CMC-25 Sephadex. 1.7 g crude chicken 
erythrocyte acid-soluble protein was bound to 50 ml packed volume of CMC-25 Sephadex. Proteins were eluted with 
3 washes of NaCl (0.5, 0.8, 1.0 M) in borate buffer. The proteins contained in selected fractions (numbered) were 
anaiysed in a 15% SDS/acrylamide get (insets). 
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Fig.2. Elution profile of chicken erythrocyte Hl subtypes. 500 mg erythrocyte Hl was fractionated on a CMC-25 
column (1.1 x 140 cm) with a linear gradient of NaCl in borate buffer (1.2 1). Ahquots of protein from every fifth 
fraction were analysed on a 12% SDS-acrylamide gel (inset). The gel lanes are aligned with their corresponding column 
fractions. 
In fig.3, a comparable profile for calf thymus 
Hl is shown. Here, the profile is more complicated 
than that obtained for chicken Hl. The presence of 
Hl’, possibly as 2 subfractions [lo], plus the 5 
documented Hl subtypes present in calf thymus 
H 1 presents almost a 2-fold increase in complexity 
compared with chicken Hl. The large number of 
subtypes present is probably responsible for our 
failure to achieve such good resolution for this 
material. Nevertheless, from the protein gel 
analysis (fig.3, inset) at least 6 HI subtypes are 
resolved, some to high purity. 
The 5 calf thymus Hl subtypes (excluding Hl“) 
can be compared to those produced by Amberlite 
fractionation. These have been named from their 
elution order as la, lb, 2, 3a and 3b [1,2]. They 
have relative mobilities on SDS gels in the order 
lb > la > 2 = 3b > 3a. Examination of the data 
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in fig.3 suggests that, using the same 
nomenclature, the Hl subtypes elute from 
CMC-25 in the order la, 3a, lb, 3b, 2. Because 
Amberlite fails to fractionate chicken erythrocyte 
Hl into SDS-acrylamide gel resolvable subtypes, 
we cannot correlate the subfractions obtained on 
CMC-25 (fig.2) with previous studies [3]. We have, 
therefore, designated the subfractions 1, 2, 3 and 
4 with respect o their elution order from CMC-25. 
In fig.4, examples of the pooled chicken 
erythrocyte subtype fractions are shown. By 
discriminate pooling it is possible to obtain about 
20% of the recovered chicken erythrocyte HI in 
fractions more than 90% pure, and a further 60% 
in fractions better then 75% pure. It is more dif- 
ficult to achieve purity for calf thymus Hl sub- 
types due to the presence of more subtypes and of 
Hl’. However, most of the subtypes can be 
recovered better than 60% pure (not shown). 
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Fig.3. Elution profile of calf thymus Hl subtypes. 1.0 g crude acid-soluble calf thymus protein was fractionated on a 
CMC-25 column (1.1 x 140 cm) with a linear gradient of NaCl in borate buffer (1.2 1). Aliquots of protein from every 
fifth fraction were analysed in a 12% SDS-acrylamide gel (inset). The gel lanes are aligned with their corresponding 
column fractions. 
4. CONCLUDING REMARKS 
We have described a procedure for the purifica- 
tion of Hl subtypes from chicken erythrocyte red 
blood cells. Using this method, 4 Hl subtypes, and 
H5, have been isolated in high purity. The techni- 
que is applicable to gram quantities of crude acid- 
soluble material. Furthermore, for calf thymus 
Hl, the order of elution is not the same on 
CMC-25 and Amberlite. It should therefore be 
possible to employ both column types in series to 
achieve even greater Hl subtype purity. 
The availability of pure Hl subtypes from 
chicken erythrocytes, whose chromatin form is 
particularly well characterised, will enable com- 
- 
Fig.4. 12% SDS-acrylamide gel analysis of pooled, 
purified subfractions from chicken erythrocyte H 1. The 
outside lanes (M) contain total chicken erythrocyte HI. 
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parative studies on the structure inducing proper- 
ties of these related yet distinct proteins to be 
undertaken. 
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